A full protocol was not developed for this meta-analysis. The metaanalysis was registered with PROSPERO (CRD42015017546).
Meta-analyses of the implementation of a surgical safety checklist (SSC) in observational studies have shown a significant decrease in mortality [1, 2] and surgical complications. [1] [2] [3] [4] The importance of these findings is difficult to interpret, however, [1] as these meta-analyses contain little randomised evidence, [1, 3, 4] with a single randomised trial of 65 patients [5] included in some of the meta-analyses. There are currently no meta-analyses of the efficacy of the SSC from randomised controlled trials (RCTs).
Despite the compelling observational data supporting SSCs, and national policy directives mandating the use of an SSC, the uptake and implementation of SSCs has been poor. [6] Improving implemen tation of the SSC requires local checklist champions, staff checklist training, and improving feedback to reduce checklist redundancies. [7, 8] A higher level of evidence supporting SSCs, such as that from a large RCT or a meta-analysis of RCTs, may be necessary before SSCs are actively championed and successfully implemented. [8] This is important, as data suggest that correct implementation with checklist completion is more successful than partial checklist completion at reducing surgical complications. [9] 
Objective
The objective of this meta-analysis was to determine the efficacy of the SSC in RCTs. Using the participants, interventions, comparisons, outcomes and study design (PICOS) method, [10] we described the participants as all categories of surgical patients, the intervention as the use of an SSC, and the comparison as the usual (or standard) operating room management. The primary outcome was mortality. Secondary outcomes included perioperative complications, which were defined as surgical complications, anaesthetic complications, length of stay and cost.
Eligibility criteria
We considered all publications of RCTs of surgical patients random ised to either an SSC or usual operating room management. There was no limit on the trial follow-up period. We accepted all publications in any language, with a comprehensive search from 1946 to 2015.
Information sources
The database searches were conducted on This search was updated on 7 March 2016, and the clinicaltrials.gov database was added to this updated search.
Search
We used the following expanded search terms: 'surgery or surgical procedure operative or operating rooms or preoperative care and checklist or guideline adherence' . The search was limited to RCTs. The search terms and an example of the full electronic search strategy for Ovid are shown in Appendix 1.
Study selection
The title and abstract of each citation was independently screened by two reviewers (JK and KG) to identify potentially eligible trials following the first search, and by two reviewers (BMB and RNR) following the updated search. If either reviewer considered that the citation might contain a relevant trial, the article was retrieved to undergo full text evaluation. Full texts of all citations identified as potentially relevant were then independently evaluated by all the authors to determine eligibility. Chance-corrected inter-observer agreement for trial eligibility following abstract screening was tested using kappa statistics. Trials were deemed eligible and included in this review if they were conducted on surgical patients comparing an operating room SSC with standard or routine surgical care. There was no requirement to report any of the prespecified outcomes in the publication for inclusion in this metaanalysis, as the intention was to contact authors for any missing outcome data.
Data collection process
Data were extracted into a standardised data extraction sheet. Data extraction was conducted at a workshop. As a result, the delegates were allocated to three groups of six authors (one group per included trial) for data extraction, with any disagreements resolved by consensus following consultation with BMB (the moderator of the workshop). The authors were emailed for resolution of data queries.
Data items
For each eligible trial, the data extracted included author, year of publication, surgical group studied, number of subjects, type of SSC used, age of patients, level of hospital, country and duration of follow-up. Outcome data extracted included mortality, surgical complications, anaesthetic complications and length of stay. The study definitions for each outcome were also extracted. Authors were contacted for clarification of any missing data if necessary.
Risk of bias in individual studies
Trials were assessed using the Cochrane Collaboration risk-of-bias tool. [11] This tool assesses selection bias, allocation bias, performance bias, detection bias, attrition bias and other bias. All assessments of bias in individual studies were conducted by a group of six authors per included trial, with disagreements resolved through consensus following consultation with BMB.
Summary measures
Study characteristics were analysed using GraphPad QuickCalcs.
[12] Meta-analysis was conducted using a random-effects model in Review Manager version 5.3.5 (Nordic Cochrane Centre, Denmark; Cochrane Collaboration, 2014). All analyses were based on the intention-to-treat principle.
Synthesis of results
Heterogeneity was assessed using I 2 and χ 2 analysis. Pooled dichotomous outcomes were reported as risk ratios (RRs) and 95% confidence intervals (CIs). Continuous outcomes were reported as mean differences and 95% CIs.
Risk of bias across studies
A funnel plot to assess for the possibility of publication bias would only be presented if there were sufficient trials to warrant this. In order to exclude selective reporting by the authors, we contacted them where necessary to determine whether they had collected data on any of the outcomes of interest that were not reported in the original publication.
Additional analysis
No additional analyses were conducted.
Records identi ed through database searching, n=636
Additional records identi ed through other sources, n=2
Records after duplicates removed, n=464
Studies included in qualitative synthesis, n=3
Studies included in quantitative synthesis (meta-analysis), n=3 
Results

Study selection
We identified 464 citations from the combined initial and up dated searches, with five selected for full-text evaluation ( Fig. 1 ). From these, we identified three eligible RCTs that included 6 060 patients. [5, 13, 14] Interobserver agreement for trial eligibility was excellent (kappa = 1.00).
Study characteristics
The study characteristics are presented in Table 1 . Of the recruited patients, 4 554 were from tertiary hospitals [5, 13, 14] and 1 506 from a community hospital. [13] Two of the three trials were conducted in high-income country surgical environments, Norway and the USA, [5, 13] and a single trial was conducted in a middle-income country, India. [14] There was a significant six-fold difference in mortality (p<0.0001) between the control groups of one highincome country (Norwegian) trial (1.6%; 95% CI 0.9 -1.8%) [13] and the middle-income country (Indian) trial (10.2%; 95% CI 8.0 -12.4%). [14] The SSCs differed between the trials, including a 'surgeon's procedural checklist' , [5] the World Health Organization (WHO) SSC, [13] and a modification of the WHO SSC which included preoperative imaging consultation with a radiologist and postoperative deep-vein thrombosis (DVT) prophylaxis. [14] The control groups included either no checklist [5, 13] or a preexisting preoperative checklist that included nine of the WHO SSC items and was only administered among the nursing team (as opposed to the entire perioperative team). [14] Trial follow-up was either in hospital, [5] in hospital censored at 30 days, [14] or 30 days.
[13]
Risk of bias within studies
The risk-of-bias table is shown in Fig. 2 . The study by Calland et al. [5] was a high-bias study. As a group, none of the studies controlled for allocation concealment, and blinding of participants and personnel was not possible with administration of an SSC. The stepped-wedge cluster randomisation method used in the trial by Haugen et al. [13] introduced selection bias, as the control group always preceded the intervention group. It is likely that there was detection bias in the study by Chaudhary et al. [14] A single study contributing 5 295 of the 6 060 patients to the [14] meta-analysis was adjudicated to have no detection, attrition or reporting biases. [13] Unfortunately, we were unable to clarify any data queries with the authors from the trial by Chaudhary et al., [14] so all the data presented here were extracted from the publication only.
Results of individual studies
The study outcome definitions are shown in Table 2 . The individual study results were mixed. In the small study of laparoscopic cholecystectomies, the surgical checklist did not result in a difference in surgical outcomes (it was not powered for clinically important major adverse outcomes), although there were significantly more safety-related team behaviours. [5] In the large high-income country (Norwegian) study, surgical complications decreased significantly (absolute risk reduction (ARR) 8.4%, 95% CI 6.3 -10.5), as did mean length of hospital stay (-0.8 days; 95% CI 0.11 -1.43 days). [13] In-hospital mortality was not significantly decreased. [13] While all the included studies provided data on outcomes in tertiary hospitals, this was the only study that provided data on the efficacy of an SSC in a community-level hospital (1 506 of the 5 295 patients in this study), [13] and the SSC was associated with a significant decrease in mortality in the community hospital subgroup (p=0.02).
In the trial of the efficacy of the SSC in a middle-income country, mortality was decreased in the SSC group, but surgical complications were only significantly reduced for the higher-grade surgical complications group (grades 3 and 4 of the Clavien-Dindo classification), [15] and not across all surgical complication grades. Length of hospital stay was not reduced. [ 
14]
Synthesis of results
The meta-analyses for mortality and surgical complications are shown in Figs 3 and 4 , respectively. For the primary outcome, the [5] 2011 In hospital Publication
Haugen et al., [13] 2015 30 days postoperatively Publication
Chaudhary et al., [14] 2015 In hospital Publication Surgical complications Calland et al., [5] 2011 Hospital readmission Publication and author
Haugen et al., [13] 2015 Composite of respiratory, cardiac, infections, surgical wound rupture, nervous system, bleeding, embolism, mechanical implant complication, anaesthesia complications, unplanned return to operating theatre and other complications Publication Chaudhary et al., [14] [5] 2011 Not reported Publication
Haugen et al., [13] 2015 Pneumonia, respiratory failure, and other (asthma, pleural effusion and dyspnoea)
Publication
Chaudhary et al., [14] 2015 Not defined Publication Cardiovascular Calland et al., [5] 2011 Not reported Publication
Haugen et al., [13] 2015 Cardiac arrest, arrhythmia, congestive cardiac failure, acute myocardial infarction, angina pectoris
Chaudhary et al., [14] 2015 Not defined Publication Infections Calland et al., [5] 2011 Not reported Publication
Haugen et al., [13] 2015 Sepsis, surgical site, urinary tract and others (meningitis, peri-and endocarditis and gastroenteritis)
Chaudhary et al., [14] 2015 Sepsis (which included wound related, defined as the presence of pus in the wound) Publication Bleeding Calland et al., [5] 2011 Not reported Publication
Haugen et al., [13] 2015 A complication to surgical or medical procedures and valid for major or severe acute bleeding associated with the surgical procedure that required erythrocyte transfusions unplanned for and noted in the medical record by the surgeon Publication Chaudhary et al., [14] 2015
The appearance of fresh blood in the drains with haemodynamic instability or a fall of the haemoglobin level of 2 g/dL Publication Embolism Calland et al., [5] 2011 Not reported Publication
Haugen et al., [13] 2015 Included arterial, venous, lung and air Publication
Chaudhary et al., [14] 2015 Pulmonary embolism Publication SSC was associated with significantly decreased mortality (risk ratio (RR) 0.59, 95% CI 0.42 -0.85). The secondary outcome of surgical complications was also significantly decreased (odds ratio (OR) 0.64, 95% CI 0.57 -0.71). There was little heterogeneity for these outcomes (I 2 =0%), and relative risk reductions between the two large trials were similar despite the large differences in ARR between the two trials.
A meta-analysis of the individual components of the surgical complications, revealed the following associations with the SSC: respiratory complications RR 0.59, 95% CI 0. It was not possible to conduct a meta-analysis for the other prespecified secondary outcomes. Anaesthesia complications were reported in a single trial, with no difference between the groups (p=0.772), although the incidence was low (0.3% in the control group and 0.2% in the SSC group). [13] Length of stay was significantly decreased in one trial [13] and not in another. [14] We could not obtain length-of-stay data from the authors of two of the trials in order to conduct a meta-analysis for length of stay. [5, 14] There were no cost analyses presented in any of the included trials.
Risk of bias across studies
There may be attrition bias associated with the definition of surgical complications in the study by Calland et al. [5] (and hence selective reporting), as there was no formal surveillance for hospital readmission for surgical complications (author communication). However, removal of these data from the meta-analysis does not alter the results of the meta-analysis presented in Fig. 4 .
Removal of Chaudhary et al. 's [14] data due to detection bias resulted in loss of survival benefit associated with an SSC in the meta-analysis (RR 0.61, 95% CI 0.38 -1.00; p=0.05), but no change in the signi ficant reduc tion of surgical complications (RR 0.62, 95% CI 0.55 -0.71; p<0.00001).
With only three clinical trials, no funnel plot analyses were conducted.
Additional analysis
Discussion
Summary of evidence
This meta-analysis of RCTs showed that the use of an SSC was associated with a significant decrease in short-term mortality and surgical complications in a tertiary and community hospital environment. There was little heterogeneity associated with these findings. Previous meta-analyses of observational cohort studies, [1] [2] [3] [4] and now this meta-analysis of RCTs, provide compelling evidence for policy-makers to ensure that SSC becomes mandatory health policy where this situation does not yet exist, and that healthcare providers champion the use of SSCs and ensure that they are implemented correctly and consistently.
This meta-analysis is important because as more countries adopt a national policy mandating SSCs, it becomes difficult to conduct further RCTs. These data suggest that there is sufficient randomised evidence to adopt SSCs in tertiary and community hospital environments. Clinicians should now focus on the correct implementation of SSCs to maximise benefit, [16] especially as compliance is low [1] and complete implementation is associated with better outcomes. [9] Indeed, in the two large studies included in this meta-analysis, it is likely that compliance was overestimated based on the self-reporting of the administering clinicians, [17] and as such, outcomes may even exceed those presented in this meta-analysis.
Study limitations
Study-level limitations may increase bias. Readmission as a marker of surgical complications in the study by Calland et al. [5] may have been associated with attrition bias, as there was no formal monitoring for readmission. The use of a stepped-wedge cluster randomisation process, [13] as routine implementation was mandated by policy, increases selection bias. However, this will inevitably be a limitation of implementing the SSC in any setting. Our priority now should be to sustain the benefit shown by this meta-analysis by focusing on sustained change management. The addition of DVT prophylaxis to the SSC may have added benefit to the checklist group; [14] however, DVT prophylaxis alone would not explain the total benefit associated with the SSC in that trial or in the meta-analysis. Appropriate modifications to the checklist, such as the addition of DVT prophylaxis, are acceptable and may further improve the utility and effectiveness of surgical safety checklists. The use of the Clavien-Dindo classification [15] to determine surgical complications that at grade 1 level are defined as minor risk events not requiring treatment potentially introduces significant reporting bias, which is important considering the possibility of detection bias in this study. [14] For this reason, we only included the higher-grade Clavien-Dindo complications in the meta-analysis, as they were less likely to suffer from reporting bias.
At the review level, the major limitation of this meta-analysis was the lack of comprehensiveness of the review in answering the question of the efficacy of the SSC in all environments, especially as there are no randomised data from rural-level hospitals. It is therefore impossible to determine the impact of SSCs on outcomes at a rural level. Furthermore, there was detection bias associated with two trials. [5, 14] However, removing these trials still suggested a signi ficant reduction in surgical complications warranting implementation of an SSC. Although no subgroup analyses were conducted, the individual trials suggest benefit of implementation of the SSC in middleand high-income countries, and in tertiary as well as community hospitals. The SSC therefore appears to have wide applicability.
Conclusions
There appears to be sufficient RCT evidence to suggest that SSCs decrease hospital mortality and improve surgical outcomes in both highincome and middle-income countries and in both tertiary and community hospitals. We therefore recommend that no further randomised trials of the efficacy of SSCs be conducted in tertiary and community hospitals. Rather, implementation of SSCs should be considered a global priority at the tertiary and community hospital level, and further research should focus on the ideal components of an SSC, and strategies to ensure successful implementation. [8] Implementation of the SSC at rural hospital level would be encouraged despite a lack of randomised evidence, although a stepped-wedge approach would be recommended to ensure adequate documentation of benefit. Africa. There was no external funding for this research.
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